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accomplished  under  Project  Number  6095  "Inertial  Reference  and  Guidance 
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and  Work  Unit  60950503  "Gunsight  Computer  Interface."  The  effort  was 
conducted  during  the  time  period  28  August  1975  through  15  January  1976. 
The  principal  investigators  for  the  Air  Force  Avionics  Laboratory  were 
Captain  Frederick  Cruger  and  Staff  Sergeant  Sammie  L.  Jiles. 
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and  to  field  engineering  representatives  of  Honeywell,  Inc.  and  Hughes 
Aircraft  Corp.  for  their  assistance  in  determining  the  operational 
instrumentation  requirements. 
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SECTION  I 
INTRODUCTION 


1 . PURPOSE 

Work  Unit  60950503  was  initiated  to  support  the  Air  Force  Avionics 
Laboratory  (AFAL)  Comparative  Gunsight  Study  conducted  at  Tyndall  AFB,  Fla. 
Under  this  work  unit,  the  Reference  Systems  Branch  (AFAL/RWA-4)  provided 
computer  hardware  and  software  to  enhance  the  performance  of  the  F-106 
aircraft  instrumentation  systems.  Although  the  flight  test  is  still 
under  way,  RWA-4  has  fulfilled  its  obligations.  This  report  describes 
the  computer  interface  hardware  and  software  and  formally  terminates 
Work  Unit  60950503. 

2.  BACKGROUND 

To  perform  accurately,  the  computing  gunsights  required  certain 
information  from  the  avionics  systems.  In  the  initial  phases  of  the  test, 
this  information  was  available  as  a collection  of  analog  signals  that 
had  been  appropriately  scaled  by  the  aircraft  instrumentation  system. 

These  signals  were  multiplexed  and  recorded  on  an  analog  recorder  for 
post-flight  analysis.  A separate  multiplexer  and  analog-to-digital  converter 
(A/D)  converted  these  signals  into  useable  data  for  the  gunsight  digital 
computer  (Figure  1). 

The  analog  instrumentation  tapes  were  sent  to  Eglin  AFB,  digitized, 
tabulated,  and  delivered  to  AFAL  analysts  at  WPAFB.  Unfortunately,  much 
of  this  information  did  not  correlate  with  known  flight  test  results. 
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Inaccuracies  were  attributed  to  the  many  A/D,  D/A,  and  scaling  conversions 
required  for  the  hybrid  (analog/digital)  instrumentation  and  computing 
system.  AFAL/RWA-4  provided  two  computer  interfaces  and  one  special 
purpose  fire  control  system  (FCS)  computer  program  to  permit  all-digital 
instrumentation. 

3.  HARDWARE  DESIGN  PHILOSOPHY 

All  hardware  was  built  from  readily  available  integrated  circuits 
(IC's)  so  that  failures  might  be  easily  repaired.  All  IC's  were  mounted 
in  sockets  for  ease  of  replacement;  this  incurred  an  increase  in  parts 
cost,  but  permitted  maintenance  and  design  alterations  which  otherwise 
would  have  been  impossible.  The  computer  interfaces  were  wire-wrapped, 
rather  than  soldered,  to  facilitate  corrections  and  modifications  during 
and  after  checkout.  All  wiring  was  performed  by  AFAL/RWA-4  at  WPAFB. 

The  completed  interfaces  were  delivered  to  Tyndall  AFB  with  schematic 
drawings  and  wire  lists  for  input/output  (I/O)  connections. 

4.  SOFTWARE  DESIGN  PHILOSOPHY 

The  HCM-204  FCS  Computer  in  the  F-106  test  aircraft  required  a special 
instrumentation  computer  program  to  transmit  digital  information  to  the 
gunsight  computer  and  the  instrumentation  system.  AFAL/RWA-4  provided  a 
program  that  could  be  readily  modified.  The  number  and  types  of  data 
words  transmitted  by  the  HCM-204  could  be  altered  simply  by  changing 
a list  of  I/O  parameters  within  the  program;  no  changes  to  the  actual 
program  structure  were  necessary.  This  facilitated  field  changes  as 
instrumentation  requirements  changed  and  allowed  the  same  instrumentation 


V. 


3 


AFAL -TR- 76-64 


program  to  be  used  on  other  F-106  test  aircraft  with  different  instru- 
mentation requirements.  Also  provided  was  an  assembly  language 
program  and  computer  facilities  at  Tyndall  were  used  to  obtain  a 
punched  paper  tape  which  could  be  loaded  on  the  HCM-204.  Instructions 
for  modifying  the  program  were  given  to  engineering  personnel  at 
Tyndall  AFB. 
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SECTION  II 
THEORY  OF  OPERATION 

1 . HCM-204  OUTPUT  INTERFACE 

The  HCM-204  was  an  integral  part  of  the  F-106  FCS  but  had  no  re- 
quirement to  transmit  conventional  parallel  digital  data  to  other  devices. 

It  did,  however,  have  a limited  number  of  one,  two,  and  four  bit  I/O 
space  +28vdc  discretes  and  an  18-bit  display  register  which  was  under 
software  control.  This  was  the  only  accessible  output  of  parallel  digital 
words. 

AFAL/RWA-4  provided  the  circuitry  shown  in  block  diagram  form  in 
Figure  2.  Optical  isolators  were  used  to  convert  the  +28vdc  display 
light  outputs  to  5vdc  signals  compatible  with  standard  transistor-transistor 
logic  (TTL)  circuitry.  Differential  line  drivers  were  used  to  transmit 
the  Information  from  the  FCS  computer  (in  the  nose  of  the  aircraft)  to  the 
instrumentation  system  (in  the  weapons  bay).  Differential  line 
receivers  converted  the  information  back  to  single-ended  TTL  signals; 
these  signals  were  used  as  parallel  inputs  to  the  computer  interfaces. 

The  11  least  significant  bits  (LSB)  were  also  connected  to 
Inputs  of  a 16  channel  multiplexer  (paral lel-to-serial  converter,  or 
"mux").  The  other  five  mux  Inputs  were  hard-wired  to  a specific  inputs 
sequence.  Using  a 16KHz  clock  to  count  through  the  16  Inputs,  a serial 
data  train  was  obtained;  11  data  bits  were  followed  by  five  synchroni- 
zation (sync)  bits.  Each  time  the  mux  began  the  sync  pattern,  a +28vdc 
discrete  was  sent  to  the  HCM-204.  Upon  receiving  this  signal,  the 
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special  FCS  computer  program  caused  a new  data  word  to  be  sent  to  the 
display  register.  When  the  mux  completed  the  sync  pattern,  it  again  sent 
11  bits  serially  to  the  recorder  and  again  followed  them  with  a sync 
pattern.  The  mux  generated  a continuous  16KHz  serial  output;  each  set 
of  data  bits  represented  a new  data  word  from  the  HCM-204.  The  word 
transfer  rate  from  the  HCM-204  to  the  instrumentation  system  was  thereby 
fixed  at  IKHz. 

A feature  was  included  In  the  interface  which  permitted  HCM-204 
digitization  of  analog  signals  normally  not  connected  to  the  HCM-204  A/D 
inputs.  A second  16-channel  analog  mux  was  built;  it  selected  inputs 
as  designated  by  a four-bit  discrete  output  from  the  HCM-204  and  transmitted 
them  to  an  unused  A/D  input  (E26).  They  then  could  be  digitized  and  sent 
to  the  display  register. 

AFAl/RWA-4  designed,  built,  and  tested  the  HCM-204  output  interface 
shown  in  Figure  2.  Field  checkout  and  installation  in  the  aircraft  was 
performed  by  the  475th  Test  Squadron  at  Tyndall  AFB. 

2.  HCM-204  INSTRUMENTATION  PROGRAM 

AFAL/RWA-4  provided  one  special  purpose  computer  program  to  enable 
the  HCM-204  to  transfer  parallel  digital  data  to  the  Instrumentation 
system  through  the  display  register.  A flow  diagram  is  shown  In 
Figure  3.  The  actual  assembly  language  listing  Is  included  in 
Appendices  A and  B.  The  code  was  not  designed  to  minimize  core 
requirements;  It  was  written  in  a form  that  allowed  straightforward 
modification. 
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The  program  read  specified  data  from  the  A/D  inputs  and  from  the 
Central  Air  Data  Computer  (CADC).  These  data  were  presented  as  12-bit 
data  words,  each  with  a unique  five-bit  tag,  to  the  18-bit  display 
register.  Each  word  was  held  In  the  display  for  one  millisecond,  since  the 
cyclic  select/read/display  process  was  synchronized  by  a lKHz  signal 
from  the  HCM-204  output  interface. 

The  punched  paper  tape  was  designed  to  be  loaded  as  a "change  tape" 
on  the  HCM-204.  It  made  two  basic  changes  to  the  normal  FCS  program: 

1)  it  loaded  the  instrumentation  program  into  a normally  unused  memory 
drum  block  (Block  2 of  Channel  1 6g ) , and,  2)  it  altered  the  program 
executive  (Channel  0)  to  force  entry  into  the  instrumentation  program 
when  "Homing  Point  T"  was  selected  in  the  cockpit. 

The  addition  to  Channel  0 caused  a four-bit  discrete  input  (G83)  to 
the  HCM-204  to  be  read.  If  G83  = 1011  ( 1 3g) , Block  2 of  Channel  16g  was 
read  from  the  drum  and  control  transferred  to  the  Instrumentation  program. 
If  G83  f 13g  (i.e..  Homing  Point  T not  selected),  normal  program 
operation  was  resumed. 

The  entire  instrumentation  program  was  Included  in  the  addition  to 
Channel  1 6g ; program  operation  is  best  described  by  the  flow  diagram  in 
Figure  3.  Each  time  the  sync  pulse  (DUO)  from  the  output  Interface 
hardware  went  "high"  (I.e.,  +28v,  logical  "1"),  the  program  sent  a new 
data  word  to  the  display  register  and  set  an  output  discrete  (D229A) 

"high",  indicating  a valid  output  ("data  ready"  In  Figure  2).  A new 
input  was  then  selected,  any  necessary  A/D  conversion  performed,  and  the 
program  would  wait  for  the  sync  pulse  to  go  "low."  When  D110  went 
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Figure  3.  HCM-204  Instrumentation  Program  Flow  Chart 
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"low",  D229A  was  reset.  When  DUO  again  went  "high",  the  new  data  word 
was  sent  to  the  display,  D229A  was  again  set  "high",  and  the  entire 
cycle  repeated.  When  the  program  finished  cycling  through  every  data 
word,  (i.e.,  completed  one  output  "frame")  It  would  check  if  Homing 
Point  T was  still  selected.  If  so,  a new  output  frame  was  begun.  If  not, 
control  was  transferred  back  to  the  normal  FCS  program. 

Between  each  output  frame,  the  program  also  checked  to  see  if  It 
was  in  a "self  test"  mode.  To  enter  the  test  routine,  the  TEST/N0RM 
switch  on  the  HCM-204  was  set  to  the  TEST  position,  setting  an  Input 
discrete  (D131)  "high."  With  the  HCM-204  DISPLAY  SELECT  switch  In  the 
SWITCHES  position,  the  program  began  cycling  through  a complete  output 
frame.  The  test  routine  executed  every  instruction  In  the  normal 
program  but  displayed  a test  pattern  In  the  18-bit  display  Instead  of  the 
normal  data  words.  The  operator  could  select  any  test  pattern  simply  by 
positioning  the  DATA  ENTRY  toggle  switches  on  the  HCM-204.  The  positions 
of  the  10  toggle  switches  would  be  continuously  displayed  In  the  10  LSB's 
of  the  18-bit  display,  the  five  most  significant  bits  (MSB)  of  the 
display  would  cycle  through  the  normal  list  of  word  tags,  while  the  three 
remaining  bits  were  "low."  After  completing  an  output  frame,  the 
program  determined  if  it  was  to  continue  the  test  routine  (I.e.,  TEST/NORM 
switch  In  TEST).  If  not,  it  returned  to  normal  instrumentation  program 
operation. 

Tyndall  personnel  were  instructed  on  how  to  alter  the  list  of  data 
sent  to  the  computer  Interfaces  through  the  display.  To  add  a new 
data  word,  they  must:  1)  add  the  corresponding  Input  Instruction  to  the 
program  list  called  "TABLE  OF  INPUT  INSTRUCTIONS";  2)  indicate  to  which 
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input  (if  any)  of  the  16  channel  mux  the  analog  data  is  connected, 
by  making  the  appropriate  entry  in  the  "TABLE  OF  E26  INPUT  MUX  SELECT 
CODES",  and;  3)  add  one  to  the  value  of  N,  under  "TEMPORARY  STORAGE 
LOCATIONS".  They  must  remember  that  each  entry  In  the  "TABLE  OF  INPUT 
INSTRUCTIONS"  is  associated  with  the  corresponding  entires  in  the 
"TABLE  OF  ...  MUX  SELECT  CODES"  and  the  "TABLE  OF  OUTPUT  WORD  TAGS". 

In  the  AFAL/RWA-4  program,  the  maximum  number  of  output  words  per 
frame  (N)  is  27g;  any  larger  N would  cause  the  three  tables  to  overlap 
in  memory.  The  tables  could  be  spread  out  to  permit  longer  lists. 

3.  HDC-601  DMA  INTERFACE 

In  one  of  the  Tyndall  F-106  test  aircraft  the  output  of  the  HCM-204 
was  sent  to  the  direct-memory-access  (DMA)  input  of  a Honeywell  HDC-601 
minicomputer  in  the  weapons  bay.  Figure  4 shows  a block  diagram  of  the 
HDC-601  DMA  interface  built  by  AFAL/RWA-4.  The  circuitry  permitted 
1)  HCM-204  outputs  to  be  loaded  into  the  HDC-601  memory  (i.e.,  a DMA 
"Write")  and,  2)  HCD-601  memory  contents  to  be  sent  to  a digital 
magnetic  tape  recorder  (i.e.,  a DMA  "Read"). 

a.  DMA  Write 

The  13  data  bits  from  the  differential  line  receivers  were  con- 
nected directly  to  the  DMA  data  input  lines  ("DATA1-DATA13") . The  five 
word  tag  bits  were  connected  to  tri -state  gates  whose  outputs  were 
connected  to  the  five  LSB  of  the  DMA  memory  address  lines.  When  the 
HCM-204  set  D229A  "high",  a DMA  Write  Request  ("WRITE"  in  Figure  4) 
was  sent  to  the  HDC-601.  WRITE  also  enabled  the  tri-state  gates,  so 
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the  word  tag  bits  controlled  the  memory  address  being  loaded;  since  each 
18-bit  data  word  from  the  HCM-204  contained  a unique  5-bit  word  tag,  each 
variable  (attitude,  radar  range,  airspeed,  etc.)  was  effectively  asslqned 
a particular  HDC-601  memory  location.  Operating  software  in  the  HDC-601 
merely  had  to  read  these  predetermined  locations  to  obtain  the  latest 
values  of  the  corresponding  variables. 

b.  DMA  Read 

The  digital  tape  recorder  recorded  16-bit  words  from  the  HDC-601  as 
four  4-bit  bytes.  The  recorder  generated  2 KHz  "SLEW  CLOCK"  pulses;  each 
pulse  represented  a "request"  from  the  recorder  for  the  next  four  bits  to 
be  recorded.  The  SLEW  CLOCK  was  the  input  to  a 2-bit  counter/decoder 
combination,  which  in  turn  controlled  a 16-1 ine-to-4-1 ine  multiplexer. 

As  shown  in  Figure  4,  "0"  from  the  decoder  generated  a 0.5ps  "DMA  READ 
REQUEST".  When  the  HDC-C01  acknowledged  the  request,  the  interface 
delayed  0.8ps  and  then  loaded  the  four  tri-state  latches  with  the  DMA 
output  ("DMA  1"  through  "DMA  16").  The  contents  of  each  latch  were 
transmitted  to  the  recorder  as  each  succeeding  "SLEW  CLOCK"  pulse 
caused  the  decoder  to  increment.  Every  fourth  pulse,  another  DMA  READ 
REQUEST  was  generated  and  another  16-bit  word  from  the  HDC-601  memory 
was  loaded  into  the  latches. 

To  determine  which  memory  word  was  to  be  read  from  memory,  the  HDC- 
601  examined  the  16  address  lines.  During  a "DMA  WRITE"  the  HCM-204 
controlled  the  address  lines,  but  during  a "DMA  READ"  the  address  lines 
were  controlled  by  the  five-bit  "address  counter"  in  Figure  4.  This  counter 
was  Incremented  every  fourth  "SLEW  CLOCK"  pulse.  Successive  "DMA  READ 
REQUESTS"  thereby  resulted  in  words  from  successive  memory  locations 
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being  sent  to  the  recorder.  Using  the  "SWITCHES"  in  Figure  4,  the  system 
user  selected  how  many  different  words  (up  to  31)  were  to  be  sent  to  the 
recorder.  When  this  number  had  been  sent,  an  interrupt  ("INTRPT")  was 
sent  to  the  HDC-601  to  request  that  the  values  of  the  words  be  updated 
before  the  next  output  frame  was  begun.  As  long  as  the  interface 
received  "SLEW  CLOCK"  pulses,  the  HDC-601  continued  to  cycle  through  the 
block  of  memory  assigned  to  data  being  recorded.  When  the  interface 
received  a "STOP"  command,  the  current  output  frame  was  completed. 

However,  as  the  last  byte  of  the  last  word  was  recorded,  an  inter-record 
gap  (IRG)  command  was  sent  to  the  recorder;  thi«  generated  an  IBM- 
compatible  IRG,  stopped  "SLEW  CLOCK"  pulses,  and  halted  the  tape  transport. 
A "START"  command  was  necessary  to  again  begin  recording  data  from  the 
HDC-601 . 

c.  Control 

The  DMA  interface  was  built  so  that  a single  TTL  "START/STOP" 
signal  could  be  used,  or  a "START"  could  be  generated  from  the  trigger 
on  the  aircrew  hand  control  (D101)  and  a "STOP"  generated  by  the 
HDC-601.  The  circuit  Implementation  also  prevented  simultaneous 
"DMA  WRITE"  and  "DMA  READ"  requests  since  the  address  lines  were  common 
to  both.  Detailed  schematics  were  delivered  to  Tyndall  so  that  modifi- 
cations could  be  made  if  operational  requirements  were  chanqed.  The 
schematics  are  also  included  in  Appendix  C. 

4.  AYK-8  INPUT  INTERFACE 

Because  operational  aircraft  generally  did  not  have  computers  with 
the  DMA  capability  of  an  HDC-601,  the  AFAL  Comparative  Gunsight  study 
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also  required  a means  of  transmitting  data  from  the  HCM-204  to  a 
relatively  simple  computer,  such  as  an  AN/AYK-8.  AFAL/RWA-4  provided 
the  interface  shown  In  block  diagram  form  In  Figure  5. 

a . Memory 

Since  neither  the  HCM-204  nor  the  AYK-8  have  an  interrupt  capability, 
the  interface  had  to  provide  for  asynchronous  reception  and  transmission 
of  data.  The  interface  was  essentially  a buffer  memory;  the  HCM-204 
entered  data  whenever  It  was  ready  and  the  AYK-8  could  read  data  from 
the  memory  when  required.  The  Interface  used  the  18-bit  words  from  the 
HCM-204  output  interface;  the  12  LSB's  were  treated  as  data  while  the 
five  MSB's  (word  tag"  determined  into  which  Interface  memory  location 
the  data  were  loaded.  Since  the  HCM-204  instrumentation  program 
assigned  a consistent,  but  unique,  word  tag  to  each  variable,  the  AYK-8 
programmer  had  a priori  knowledge  of  the  interface  memory  location  of 
each  variable.  To  provide  operational  flexibility,  the  Interface  had 
two  input  modes  and  two  output  modes  under  which  data  could  be  written 
Into  or  read  from  the  memory. 

b.  Input  Control 

The  "MODEH"  signal  In  Figure  5 determined  under  which  mode  the 
HCM-204  could  enter  data  Into  the  Interface  memory.  With  "M0DEH=1", 
the  Input  holding  register  was  loaded  when  "REQH=1",  and  the  12  data  bits 
were  loaded  Into  the  memory.  In  this  mode,  the  "DATA  READY"  signal  of 
Figure  2 was  connected  to  "REQH".  If,  however,  the  discrete  signals 
for  MODEH  and  REQH  were  not  available,  "MODEH"  could  be  grounded 
( 1 . e . M0DEH=0),  REQH  connected  to  5vdc  (REQH=1),  and  the  Interface 
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memory  loaded  data  whenever  one  or  more  bits  of  the  18-bit  input  changed. 
This  was  done  by  comparing  the  input  lines  to  the  input  holding  register 
contents.  When  they  were  different,  the  interface  loaded  the  new  word 
into  the  holding  register  and  into  the  designated  memory  location.  The 
synchronous  flip-flops  in  Figure  5 prevented  line  transients  from  causing 
erroneous  entries  in  the  memory. 

c.  Output  Control 

The  "M0DE8"  signal  in  Figure  5 determined  under  which  mode  the  AYK-8 
could  read  data  from  the  interface  memory.  Its  operation  was  analogous 
to  that  of  "MODEH".  With  "f10DE8=l"  the  output  holding  register  was 
loaded  when  "REQ8=1",  the  12  data  bits  being  read  from  the  location 
selected  by  a six-bit  AYK-8  output  (SEL4  through  SEL9).  If,  however, 
the  discrete  signals  for  "M0DE8"  and  "REQ8"  were  not  available,  they 
could  be  preset  to  0 and  1,  respectively,  and  the  output  holding  register 
was  loaded  whenever  one  or  more  bits  of  the  six-bit  "select"  from  the 
AYK-8  changed. 

d.  Strapdown  IRP  Interface 

The  AYK-8  was  also  required  to  monitor  the  outputs  of  a H-478 

strapdown  inertial  reference  package  (IRP).  Three  '-hannels  of  velocity 

information  ( AV  , AVW,  A V_)  and  three  channels  of  angular  attitude 
a y z 

information  (AG  , AG,.,  AG  ) were  generated  by  the  IRP.  The  numeric 
A y z 

data  was  gathered  by  counting  pulses  over  a time  interval;  each  pulse 
represented  an  Incremental  change  in  velocity  (AV)  or  attitude  ( A6 ) . The 
Interface  Included  six  counters  each  driven  by  one  of  the  data  inputs. 
When  the  AYK-8  read  one  of  the  channels,  the  value  of  the  counter  was 
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loaded  into  an  output  holding  register  and  the  counter  was  reset  to  zero. 
The  counter  accumulated  pulses  until  the  AYK-8  again  caused  its  contents 
to  be  loaded  into  the  output  register  and  then  zeroed. 

The  pulse  outputs  and  master  clock  were  received  by  differential 
line  receivers,  as  shown  in  Figure  6.  The  outputs  of  the  tri-state 
output  holding  registers  were  connected  to  the  same  AYK-8  input  lines  as 
the  HCM-204/AYK-8  interface.  When  "SELl -SEL3=0" , "ENHC " enabled  the 
tri-state  inverters  in  Figure  5,  so  "SEL4-SEL9"  selected  words  from  the 
interface  memory.  When  "SELl -SEL3+0" , "SELl -SEL3"  selected  which  channel 
of  inertial  data  was  sent  to  the  AYK-8  by  generating  the  proper  enable 
signals  (outputs  of  the  decoder  in  Figure  6).  The  AYK-8  therefore 
required  nine  select  lines  to  read  inputs  from  both  the  IRP  and  the 
HCM-204 . 
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Figure  6.  Strapdown  IRP  Interface 
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SECTION  III 

RESULTS  AND  CONCLUSIONS 

The  interfaces  were  tested  at  WPAFB  before  they  were  delivered  to 
Tyndall  AFB.  The  HCM-204  program  had  to  be  tested  at  Tyndall,  however, 
since  an  HCM-204  assembler  was  not  available  at  WPAFB. 

1 . HARDWARE 

The  HCM-204  output  interface  was  assembled  at  WPAFB;  a small  test 
set  was  also  built  so  that  the  optical  isolators,  line  drivers,  and  line 
receivers  could  be  operated  simultaneously  (as  in  the  aircraft), 
permitting  a complete  front-to-back  test.  The  interface  and  test  set 
provided  simulated  HCM-204  outputs  for  later  bench  testing  of  the 
HDC-601  DMA  interface. 

The  control  and  timing  functions  of  the  HDC-601  interface  were 
successfully  tested  by  AFAL/RWA-4.  However,  the  HCM-204  output  interface 
had  already  been  delivered  to  Tyndall,  so  It  was  not  possible  to  perform 
a complete  front-to-back  check  on  the  data  flow  through  the  interface. 
Such  a system  level  check  was  performed  at  Tyndall  successfully.  The 
475th  Test  Squadron  incorporated  some  modifications  to  the  interface  to 
accommodate  changes  in  their  operational  requirements  which  were  made 
after  the  original  interface  configuration  had  been  mutually  determined. 
The  modifications  are  not  included  in  this  report;  they  were  completed 
and  documented  by  the  Test  Squadron. 

The  AYK-8  input  interface  was  tested  on  the  AFAL  Mobile  Evaluation 
Laboratory  (MEL).  The  MEL  PDP-11/40  minicomputer  simulated  HCM-204 
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outputs  and  AYK-8  inputs.  The  interface  received,  stored,  and  transmitted 
data  as  designed.  The  IRP  interface  was  tested  by  connecting  its  inputs 
to  the  strapdown  IRP,  and  monitoring  the  six  up/down  channels  with  a 
laboratory  counter.  The  commercial  counter  was  used  because  sufficient 
counter  and  output  register  IC's  were  not  available.  Test  results 
indicated  that  the  interface  performed  as  designed. 

The  hardware  interfaces  allow  transfer  of  data  from  the  aircraft 
avionics  computer  to  several  digital  instrumentation/data  processing 
systems.  They  eliminate  the  necessity  for  the  A/D  and  D/A  conversions  of 
a hybrid  system.  Digital  recording  also  eliminates  the  errors  attributed 
to  analog  recording  and  reproducing.  Computerized  tabulation  of  the 
instrumentation  data  Is  also  facilitated.  Perhaps  the  largest  payoff, 
however,  is  that  the  digital  instrumentation  provides  a permanent  record 
of  the  precise  inputs  and  outputs  of  the  operating  software  In  the  gun- 
sight  computer. 

2.  SOFTWARE 

The  HCM-204  instrumentation  program  was  tested  on  the  maintenance 
mock-up  at  Tyndall.  A lKHz  synchronization  pulse  was  connected  and  the 
mock-up  HCM-204  transferred  data  to  the  display  successfully.  The  self- 
test routine  was  checked  and  verified.  The  memory  drum  of  the  aircraft 
was  loaded  with  the  instrumentation  program  and  tested  successfully  in 
the  mock-up  computer.  Testing  on  the  aircraft  will  be  completed  by 
Test  Squadron  personnel. 

The  RWA-4  Instrumentation  program  occupies  100%  of  the  HCM-204  duty 
cycle,  so  normal  FCS  computations  are  not  performed  when  the  special 
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program  is  operating.  For  the  Comparative  Gunsight  Study,  this  is  of 
no  consequence,  since  the  HCM-204  serves  no  useful  purpose  during  gun 
operation.  If,  however,  the  HCM-204  is  required  to  perform  some  of  its 
normal  functions  and  digital  instrumentation  is  still  desired,  an 
extensive  effort  would  be  required  to  interlace  instrumentation  and 
avionics  software.  In  fact,  such  an  integration  may  not  be  practicable, 
or  even  possible. 

3.  CONCLUSION 

The  hardware  and  software  provided  will  fulfill  the  requirements 
of  the  AFAL  flight  tests  being  conducted  at  Tyndall.  Both  hardware  and 
software  may  be  easily  modified  to  accommodate  changes  in  operational 
requi rements . In  particular,  the  HCM-204  instrumentation  program  and 
output  interface  allow  digital  data  transmission  for  a virtually  un- 
limited number  of  flight  test  applications. 
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APPENDIX  A 

ASSEMBLY  LANGUAGE  LISTING 

This  appendix  includes  the  entire  assembly  language  program 
developed  by  AFAL/RWA-4.  The  listing  was  obtained  from  the  IBM  cards 
used  to  create  the  actual  program  tape.  Comment  cards  were  included 
to  denote  program  flow. 

The  discrete  HCM-204  inputs  used  for  program  control  are  listed 
under  "DIGITAL  INPUTS  AND  OUTPUTS  USED  FOR  PROGRAM  CONTROL".  The 
significance  of  the  status  word  bit  configuration  Is  described  under 
"STATUS  WORD  CONFIGURATION". 
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MOA  SELECT  U2e)  D22BN  MIT  3 OF  /G6 

• • MOA  St  Ltd  ( £26 ) U227N  BIT  2 OF  2G6 

*•  MOA  StLCCT  l t2o ) LSB  0226N  BIT  1 OF  /G6 

• • »1.«C  INPUT  (1  KHZ)  0110  BIT  3 OF  /G71 

** 
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APPENDIX  B 

HDC-601  DMA  I/O  SCHEMATICS 

This  appendix  includes  all  the  schematics  delivered  with  the 
hardware  to  engineering  personnel  at  Tyndall  AFB.  The  HCM-204  output 
interface  is  not  included;  the  input  to  this  DMA  interface  is  the  18  TTL 
outputs  of  the  HCM-204  output  interface. 

This  appendix  shows  the  interface  as  delivered  to  Tyndall.  Changes 
in  operational  requirements  necessitated  certain  modifications  which 
were  completed  and  documentated  by  Tyndall  personnel. 

The  schematics  were  drawn  so  that  they  may  be  placed  adjacent  to 
one  another  to  form  a single  complete  schematic. 
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J29 

BITl  thru  B'Tie 

(WU  THRU  BITlBl 

DZZ9A 


] 

1 


02.2GU  thru  D229N  | 

bu>i 


D*\»  ir»m  VICM-204 

DiltttV*  i»J[>'caUt  ""•*»  rcsiy 

4 v.v  uA«  l.  E2 & i'np«^  "w«-  eV«nnt\ 

DiKrtlt  vJUolet  " Trijyr  2 " 


J30 


DATA!  trru  DATA  13  } D»l«  U HOC-COl 

\ A -VwU  \>*  6^»»a«4 

ADBROtrru  ADDR9  ] A.Urt,t  U MOC-COJ  « ~~-«J 

DMAl  trru  DMA1&  } ?«**  HOC  &Ol 

1 DMA  READ  r«V«»\ 

EEad  ’ 

VTr rrc  1 DMA  writer 

| Iwtcrbupt  - i«A;c»l*j  Pro«t  «>«pUl»- re?r»\V  *"lo.  werAs 

— - 7 MAA  Atlwow\ti*e 


J31 

RCCl  thru  DECS 
(RtCl  mo«  RECS) 

SV.CWCK 

IRC.  (vT*&) 

BLEW 


/ DttU  V*  AijJVjA  «noj.  Vop« 

) SUu  «\oJ.  fc.*  AjyU  —J-  W* 


} U.r.r.urJi-3*p  V.  Als'.U  W* 

^ $Uw  U "y-  W4 


J32 


AMINO  TMRU  AKHM7  } 

I 16  An*\i«  mpiAi 

AKUNIO  thru  ANISJI7) 


f 2&  { An«Wj  o«Arl  l»  E2C  inpvl  ot  HCM-204 

DUO  | I KK|  IjMitMlilirj  inpul  U HCM-204 
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STOP 
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READY 
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APPENDIX  C 

AYK-8  INTERFACE  SCHEMATICS 

This  appendix  Includes  the  schematics  of  both  the  HCM-204/AYK-8  and 
the  IRP/AYK-S  interfaces.  As  shown  in  the  circuit  board  layout  on  the 
following  page,  the  IRP/AYK-8  interface  occupies  IC  sockets  on  both 
Board  A and  Board  B;  the  line  receivers  are  on  Board  A,  while  the  control 
logic,  counters,  and  output  registers  are  on  Board  B. 

To  operate  both  interfaces  with  the  AYK-8,  jumper  cables  must 
connect  (pln-for-pin)  socket  #13^  to  socket  #36^  and  socket  #25^  or  26^ 
to  socket  #35^.  The  first  jumper  connects  the  line  receiver  outputs  to 
the  rest  of  the  IRP  interface;  the  second  jumper  connects  the  tri-state 
outputs  of  both  interfaces  together.  The  outputs  to  the  AYK-8  can  then 
be  taken  from  either  socket  #25^  or  26^  (they  are  wired  in  parallel). 
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34-3 
32  -6 


36-10 

36-2 


32-10 


ENTX 
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C AlB  (CLEAR  AND  LOAD  OUTPUT  REGISTERS) 


r|  « 

-Hon 


3 

(4 

2 

13 

6 

12 

T 

4 

1 DATA  2 

5 

1 DATA  3 

6 

1 DATA  A 

RUDCB  (RESET  UP/OOWN  COUNTERS) 


lii  A 

12  10  8 

C 


b ' !4 

j 

1 DATA  5 

2 

1 ,3 

4 

1 DATA  6 

6 

1 ,2 

22 

5 

1 0ATA7 

7 

1 U 

6 

1 DATA8 

R 

1 

a 

33 

L— > 
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AYK-8  INTERFACE  INPUT/OUTPUT  CONNECTORS 


PIN 

SIGNAL 

1 

H 

2 

H 

3 

A0X 

4 

A9X 

5 

A0Y 

6 

A0Y 

From  IRP: 

7 

A0Z 

(Socket  1H  on 

15 

A0Z 

Board  A) 

9 

AVX 

10 

AVX 

11 

AVY 

12 

AVY 

13 

AVZ 

14 

AVZ 

8 

GND 

1 

SEL  1 

2 

SEL  2 

3 

SEL  3 

4 

SEL  4 

From  AYK-8: 

5 

SEL  5 

(Socket  // 2 5 on 

6 

SEL  6 

Board  A) 

7 

SEL  7 

9 

SEL  8 

10 

SEL  9 

14 

MODE  1 
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1 

INI 

2 

IN  2 

3 

IN  3 

4 

IN  4 

5 

IN  5 

From  HCM-204: 

6 

IN  6 

(Socket  ill*  on 

7 

IN  7 

Board  A) 

9 

IN  8 

10 

IN  9 

11 

IN  10 

12 

IN  11 

13 

IN  12 

1 

ADHC  1 

2 

ADHC  2 

From  HCM-204: 

3 

ADHC  3 

(Socket  #5  on 

4 

ADHC  4 

Board  A) 

5 

ADHC  5 

6 

ADHC  6 

9 

REQ  H 

10 

MODE  H 

1 

DELVX 

2 

DELTX 

3 

DELVY 

4 

DELTY 

Board  A 

to  Board  B: 

5 

DELVZ 

(Socket 

#13  on  Board  A 

6 

DELTZ 

7 

RUDC 

Socket 

#36  on  Board  B) 

9 

CAL 

10 

DELH 

11 

ENHC 

12 

13 

SEL  1 

14 

SEL  2 

15 

SEL  3 
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1 

2 

To  AYK-8:  3 

(Socket  //26,  27  on  Board  A ^ 

5 

Socket  C 35  on  Board  B) 

6 
7 
9 

10 

11 

12 

13 


DATA  1 
DATA  2 
DATA  3 
DATA  4 
DATA  5 
DATA  6 
DATA  7 
DATA  8 
DATA  9 
DATA  10 
DATA  11 
DATA  12 


a 
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